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PREFACE 


This  report  is  prepared  under  guidance  contained  in  Department  of  the  Army, 
Office  of  the  Chief  of  Engineers,  Recommended  Guidelines  For  Safety  Inspec¬ 
tion  Of  Dams,  for  a  Phase  I  investigation.  The  purpose  of  a  Phase  I  investi¬ 
gation  is  to  identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed  investigation 
and  analyses  involving  topographic  mapping,  subsurface  investigation,  testing 
and  detailed  computational  evaluations  are  beyond  the  scope  of  a  Phase  I 
investigation;  however,  the  investigation  is  intended  to  identify  any  need 
for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported  condition 
of  the  dam  is  based  on  observations  of  field  conditions  at  the  time  of 
inspection  along  with  data  available  to  the  inspection  team.  Additional  data 
or  data  furnished  containing  incorrect  information  could  alter  the  findings 
of  this  report. 

It  is  important  to  note  that  the  condition  of  the  dam  depends  on  numerous  and 
constantly  changing  internal  and  external  conditions  and  is  evolutionary  in 
nature.  It  would  be  incorrect  to  assume  that  the  present  condition  of  the 
dam  will  continue  to  represent  the  condition  of  the  dam  at  some  point  in  the 
future.  Only  through  continued  care  and  inspection  can  there  be  any  chance 
that  unsafe  conditions  be  detected. 


PHASE  I  INSPECTION  REPORT 

NATIONAL  PROGRAM  OF  INSPECTION  OF  NON-FEDERAL  DAMS 


Name  of  Dam: 

State  Located: 
Inventory  Number: 
County  Located: 
Stream: 

Date  of  Inspection: 


Innsbrook  Estates  Dam  No.  1 

Missouri 

31714 

Warren  County 
Charrette  Creek 
15  January  1981 


BRIEF  ASSESSMENT: 

Innsbrook  Estates  Dam  No*  1  was  inspected  by  a  team  of  engineers  from 
Crawford ,  Murphy  &  Tilly,  Inc.  of  Springfield,  Illinois  and  A  &  H 
Engineering  Corporation  of  Carbondale,  Illinois.  The  purpose  of  this  in¬ 
spection  was  to  make  an  assessment  of  the  general  condition  of  the  dam 
with  respect  to  safety,  based  upon  available  data  and  visual  inspection, 
in  order  to  determine  if  the  dam  poses  hazards  to  human  life  or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by  the  Department 
of  the  Army,  Office  of  the  Chief  of  Engineers,  and  they  have  been 
developed  with  the  help  of  several  Federal  and  State  agencies, 
professional  engineering  organizations,  and  private  engineers. 

Innsbrook  Estates  Dam  No.  1  is  an  earthfill  embankment  constructed  in 
1979  across  Charrette  Creek.  The  dam  is  located  in  Innsbrook  Estates  and 
is  owned  by  the  Aspenhoff  Corporation,  Clayton,  Missouri.  It  is  the 
intent  of  the  owner  to  provide  a  recreational  lake  for  the  benefit  of 
future  land  owners  around  the  lake. 

Based  on  the  guidelines,  the  St.  Louis  District,  Corps  of  Engineers 
has  determined  that  this  dam  is  in  the  high  hazard  potential  classifica¬ 
tion,  which  means  that  loss  of  life  and  appreciable  property  loss  could 
occur  if  the  dam  fails.  The  estimated  damage  zone  extends  approximately 
seven  miles  downstream  of  the  dam.  Located  within  this  zone  are  2  houses, 
a  mobile  home  and  County  Route  F  immediately  below  the  dam  and  numerous 
other  structures,  homes  and  roadways  further  downstream.  The  dam  is  in 
the  intermediate  size  classification  due  to  its  height  of  56.4  feet  and 
maximum  storage  capacity  of  5376  acre-feet.  Under  the  guidelines 
classification  an  intermediate  size  dam  has  a  height  of  40  feet  or  more 
but  less  than  100  feet  and/or  a  maximum  storage  capacity  of  1000  acre-feet 
or  more  but  less  than  50,000  acre-feet. 

Our  inspection  and  hydrologic  and  hydraulic  analyses  indicate  that  the 
spillway  capacity  of  the  dam  does  not  meet  the  criteria  set  forth  in  the 
guidelines  for  a  dam  having  the  above  size  and  hazard  potential.  The  dam 
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will  hold  and  pass  approximately  33  percent  of  the  Probable  Maximum  Flood 
(PMF)  without  overtopping*  The  Probable  Maximum  Flood  is  defined  as  the 
flood  that  may  be  expected  from  the  most  severe  combination  of  critical 
meteorologlc  and  hydrologic  conditions  that  are  reasonably  possible  in  the 
region*  The  guidelines  require  that  a  dam  of  intermediate  size  with  a 
high  downstream  hazard  potential  pass  100  percent  of  the  PMF.  The  1 
percent  probability  flood  will  not  overtop  the  dam.  The  1  percent 
probability  (100-year  frequency)  flood  is  one  that  has  a  1  percent  chance 
of  being  equalled  or  exceeded  in  any  given  year. 


The  overall  condition  of  the  dam  appeared  to  be  good  although  several 
deficiencies  were  noted.  Erosion  gullies  on  the  upstream  and  downstream 
slopes  should  be  repaired  and  good  vegetal  cover  established.  The  seepage 
at  the  toe  of  the  dam  should  be  further  investigated  and  monitored  on  a 
regular  basis.  The  riprap  and  berm  along  the  upstream  face  of  the  dam 
should  be  reshaped  to  allow  for  drainage  off  the  embankment  and  to  fill  in 
thin  spots  in  the  riprap.  Some  form  of  erosion  protection  should  be 
considered  for  the  spillway  in  areas  where  the  exposed  bedrock  is  highly 
weathered.  Another  deficiency  is  the  lack  of  records  regarding  seepage 
and  stability  analyses. 

It  is  recommended  that  the  owners  take  the  necessary  action  in  the 
near  future  to  correct  the  deficiencies  reported  herein.  A  detailed  dis¬ 
cussion  of  these  deficiencies  is  included  in  the  following  report. 


Russell  Clairmont,  P.E. 
Crawford,  Murphy  &  Tilly,  Inc. 


Robert  Andrews,  P.E. 

A  &  H  Engineering  Corporation 


Edvard  LaBelle,  E.I.T. 
Crawford,  Murphy  &  Tilly,  Inc. 
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SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL: 

A.  Authority: 

The  National  Dam  Safety  Inspection  Act,  Public  Law  92-367,  authorized 
the  Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a  pro¬ 
gram  of  safety  inspections  of  dams  throughout  the  United  States.  Pursuant  to 
the  above,  the  St.  Louis  District,  Corps  of  Engineers,  District  Engineer, 
directed  that  a  safety  inspection  be  made  of  Innsbrook  Estates  Dam  No.  1 
located  in  Warren  County,  Missouri. 

B.  Purpose  of  Inspection: 

The  purpose  of  this  inspection  was  to  make  an  assessment  of  the  general 
condition  of  the  dam  with  respect  to  safety,  based  upon  available  data  and  a 
visual  inspection  in  order  to  determine  if  the  dam  poses  hazards  to  human 
life  or  property. 

C.  Evaluation  Criteria: 

Criteria  used  to  evaluate  the  dam  were  furnished  by  the  Department  of 
the  Army,  Office  of  the  Chief  of  Engineers,  Recommended  Guidelines  for  Safety 
Inspection  of  Dams.  These  guidelines  were  developed  with  the  help  of  several 
federal  agencies  and  many  state  agencies,  professional  engineering  organiza¬ 
tions,  and  private  engineers. 

1.2  DESCRIPTION  OF  PROJECT: 

A.  Description  of  Dam  and  Appurtenances: 

Innsbrook  Estates  Dam  No.  1  is  an  earthfill  structure  approximately  56.4 
feet  high  and  480  feet  long  at  the  crest.  The  dam  has  a  20”  drawdown  pipe 
with  an  18”  gate  valve  and  the  spillway  is  a  trapezoidal  channel  cut  into 
natural  ground  at  the  right  abutment.  In  this  report  right  and  left  orienta¬ 
tion  are  based  on  looking  in  the  downstream  direction. 

B.  Location: 

The  dam  is  located  within  Innsbrook  Estates,  a  proposed  residential 
development  in  Warren  County,  Missouri,  on  Charrette  Creek.  The  longitude  of 
the  dam  is  91°  2.4*  West  and  the  latitude  is  38°  45. 4f  North.  The 
dam  is  located  in  Section  8,  Township  46  North,  Range  1  West  which  is  within 
the  Wright  City,  Missouri  7.5  minute  quadrangle  map.  Included  in  Appendix  A 
are  a  location  map  for  the  dam  on  Plate  1  and  a  vicinity  map  on  Plate  2. 
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C.  Size  Classification: 

Innsbrook  Estates  No.  1  Dam  has  an  embankment  height  of  approximately 
56.4  feet  and  a  maximum  storage  capacity  of  approximately  5376  acre-feet. 
Therefore,  the  dam  is  in  the  intermediate  size  category. 

D.  Hazard  Classification: 

The  St.  Louis  District,  Corps  of  Engineers,  has  classified  this  dam  as  a 
potential  high  hazard  dam.  The  estimated  damage  zone  extends  approximately 
seven  miles  downstream  of  the  dam.  Located  within  this  zone  are  two  homes 
and  a  mobile  home  directly  downstream  of  the  dam  and  several  other  homes  and 
buildings  further  downstream.  The  affected  structures  within  the  damage  zone 
were  verified  by  the  inspection  team. 

E.  Ownership: 

The  dam,  lake  and  surrounding  land  are  owned  by  the  Aspenhoff 
Corporation,  165  North  Meramec  Road,  Clayton,  Missouri  63105,  telephone 
314-727-7900.  Mr.  Steve  Wobbe  was  in  charge  of  the  Innsbrook  Estates  devel¬ 
opment  at  the  time  of  inspection,  telephone  314-441-0933. 

F.  Purpose  of  Dam: 

The  dam  was  constructed  to  form  a  recreational  lake  for  future  residents 
of  the  proposed  Innsbrook  Estates. 

G.  Design  and  Construction  History: 

Lewis  and  Associates  Consulting  Engineers,  Warrenton,  Missouri  63383, 
were  contracted  by  the  owner,  Aspenhoff  Corporation,  to  design  and  construct 
Innsbrook  Estates  Dam  No=  1.  Earthwork  on  the  dam  was  subcontracted  to  Paul 
Hunt  of  Warrenton  and  the  dam  was  completed  in  1979.  During  the  design  phase 
of  the  project,  water  boils  were  noted  in  the  area  of  the  dam  alignment. 
Pressure  grouting  was  used  to  seal  the  voids  in  the  weathered  limestone.  In 
addition,  a  12M-15"  pipe  was  placed  in  the  embankment  to  carry  water  away 
from  the  foundation  in  the  event  that  the  grouting  operation  did  not  seal  all 
boils • 


In  1980  excavation  was  completed  for  the  spillway  channel  and  a  roadway 
bridge  was  constructed  over  the  channel. 

In  addition  to  the  above  design  and  construction,  a  spillway  capacity 
analysis  was  carried  out  by  Gateway  Consultants. 

No  modifications  of  the  dam  are  known  to  have  occurred  since  completion 
of  the  original  construction. 
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H.  Normal  Operating  Procedures 


The  only  operating  equipment  at  Innsbrook  Estates  Dam  is  an  18"  gate 
valve  used  to  control  drawdown  of  the  lake*  This  valve  has  never  been  used 
but  according  to  Mr.  Steve  Wobbe  of  the  Aspenhoff  Corporation  the  valve  is 
operable.  Maintenance  of  the  dam  and  appurtenant  structures  is  presently  the 
responsibility  of  the  Aspenhoff  Corporation.  No  schedule  of  maintenance  has 
been  set  up  yet  due  to  the  fact  that  the  construction  of  the  lake  and  dam 
were  recently  completed. 


According  to  Mr.  Steve  Wobbe  of  the  Aspenhoff  Corporation,  the  dam  has 
never  been  overtopped  and  there  has  never  been  any  flow  in  the  spillway.  The 
lake  level  has  been  controlled  by  rainfall,  runoff,  evaporation  and  seepage 
of  the  lake  water  into  the  ground.  No  evidence  of  overtopping  was  noticed 
during  the  inspection. 

1.3  PERTINENT  DATA: 


A.  Drainage  Area  (Acres): 

B.  Discharge  at  Damsite  (CFS): 

Maximum  known  flood  at  dam  site 
Drawdown  facility  capacity  at  maximum  pool 
Principal  spillway  capacity  at  maximum  pool 
Emergency  spillway  capacity  at  maximum  pool 
Total  spillway  capacity  at  maximum  pool 

'  C.  Elevation  (Ft.  Above  MSL) : 

Top  of  dam 

Streambed  at  downstream  toe  of  dam 
Normal  pool 
Spillway  crest 

Pool  elevation  during  inspection  1/15/81 
Apparent  high  water  mark 
Maximum  tailwater 


4803 


Not  known 
65 

6144 

Not  applicable 
6144 

687.9 

631.5 

678.0 

678.0 

669.0 

669.0 

Unknown 
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.  piling  . 


D.  Reservoir  Lengths  (Feet); 

At  top  of  dam 

At  spillway  crest 
At  emergency  spillway  crest 

E.  Storage  Capacities  (Acre-Feet): 

At  top  of  dam 

At  spillway  crest 

At  emergency  spillway  crest 

At  pool  level  during  inspection  1/15/81 

At  elevation  of  apparent  high  water  mark 

F.  Reservoir  Surface  Areas  (Acres); 

At  top  of  dam 

At  spillway  crest 

At  emergency  spillway  crest 

At  pool  level  during  inspection  1/15/81 

At  elevation  of  apparent  high  water  mark 

G.  Dam: 


7500 

6800 

Not  applicable 


5376 

3287 

Not  applicable 

1967 

1967 

243.5 

180.6 

Not  applicable 

146.3 

146.3 


Type 

Length  of  crest  (feet) 

Height  (feet) 

Top  width  (feet) 

Side  slopes  (Horiz. : Vert . )  Upstream 


Earthfill  embankment 
600 
56.4 
26 

3.3:1  below  berm 
2.3:1  above  berm 


Downstream  (See  varies  from 

cross  section  on  3:1  to  3.3:1 

Plate  5,  Appendix  A) 
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Zoning 

Impervious  core 
Cutoff 

Grout  curtain 

H.  Diversion  and  Regulating  Tunnel: 

I.  Spillway; 

1.1  Principal  Spillway: 

Location 

Type 

Crest  elevation  (feet  above  MSL) 
Effective  length  of  weir  (feet) 

Channel  CJ/S  of  control  section 
Control  section 

Channel  D/S  of  control  section 

Side  slopes 

1.2  Emergency  Spillway: 

J.  Regulating  Outlets: 


Unknown 

Unknown 

Core  trench  to  bedrock 
Along  centerline  of  dam 
None  known 


Immediately  right  of  right 
abutment 

Trapezoidal  channel  excava¬ 
ted  in  natural  ground 

678.0 

Length  varies  with  elevation 
(also  spillway  crest  is  not 
complete) 

Approx.  40*  long, -10%  slope 

Approx.  130'  long,  2.8% 
slope 

Approx.  300*  long,  1.5% 

2.3%  slope 

Irregular  (varies  from 
vertical  to  approximately 
1. 5H:1V) 


None 

20”  cast  iron  drawdown  pipe 
with  18”  gate  valve 


5 


SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN: 

Information  concerning  the  design  of  the  dam  and  lake  was  obtained  from 
Lewis  and  Associates,  Consulting  Engineers,  Warrenton,  Missouri,  and  Mr. 

Steve  Wobbe  of  the  Aspenhoff  Corporation.  The  project  was  initially 
conceived  as  a  recreational  lake  for  a  residential  development  called 
Innsbrook  Estates  planned  by  the  Aspenhoff  Corporation,  Clayton,  Missouri. 

An  engineering  report  which  includes  geologic  investigations,  hydrologic 
investigations  and  a  preliminary  dam  and  spillway  design  was  prepared  in  1978 
by  Lewis  and  Associates. 

Prior  to  construction  of  the  spillway,  Lewis  and  Associates  prepared  a 
plan  sheet  (dated  February  1980)  showing  the  spillway  design  which 
essentially  represents  the  spillway  as  it  was  during  the  inspection.  Based 
on  this  plan  sheet,  a  spillway  capacity  analysis  was  completed  by  Gateway 
Consultants,  St.  Louis,  Missouri,  to  determine  the  maximum  flood  which  the 
spillway  could  pass.  A  copy  of  the  engineering  report  and  the  plan  sheet, 
which  show  the  dam  and  lake  site,  spillway  cross  sections  and  soil  boring 
profiles,  were  obtained  from  Lewis  and  Associates,  engineers  for  the  project. 

Preliminary  plans  of  the  proposed  principal  and  emergency  spillways 
differ  considerably  from  the  construction  plan  and  as-built  conditions.  The 
preliminary  design  included  a  drop  inlet  structure  with  a  concrete  outlet 
conduit  as  the  principal  spillway  and  a  shallow  open  channel  near  the  right 
abutment  for  an  emergency  spillway.  The  construction  plan  sheet  and  as-built 
conditions  include  only  a  deep  trapezoidal  open  channel  near  the  right  abut¬ 
ment  as  both  the  principal  and  emergency  spillway.  Elevations  of  the  dam  and 
appurtenant  structures  also  differ  considerably  from  those  originally 
proposed. 

According  to  Mr.  Steve  Wobbe,  the  spillway  capacity  analyses  completed 
by  Gateway  Consultants  determined  that  the  dam  and  spillway  have  the  capacity 
to  store  and  pass  approximately  27  percent  of  the  Probable  Maximum  Flood 
(PMF)  without  overtopping  the  dam. 

2.2  CONSTRUCTION: 

Information  concerning  the  construction  of  the  dam  was  obtained  from  Mr. 
Steve  Wobbe  of  the  Aspenhoff  Corporation,  owner  of  the  project.  The  dam  was 
constructed  in  the  summer  of  1979  and  the  spillway  was  completed  in  1980. 
Lewis  and  Associates  who  designed  the  dam  also  were  contracted  to  construct 
the  dam.  Earthwork  at  the  site  was  subcontracted  to  Paul  Hunt  of  Warrenton. 
Construction  inspection  was  performed  by  Lewis  and  Associates. 
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According  to  Mr.  Steve  Wobbe,  voids  in  the  bedrock  were  encountered 
along  the  centerline  of  the  dam.  Prior  to  placing  the  fill  material  pressure 
grouting  was  used  to  seal  these  voids.  In  order  to  prevent  piping  through 
the  fill  material  in  the  event  some  voids  still  remained  in  the  bedrock,  a 
pipe  (12”  or  15”  diameter)  was  installed  in  the  fill  near  the  left  downstream 
abutment.  The  pipe  extends  from  approximately  the  center  of  the  dam  to  the 
downstream  toe  of  the  dam.  The  outlet  end  of  this  pipe  was  not  visible 
during  the  inspection  trip  but  flowing  water  was  apparent  in  the  general 
location  of  the  conduit  outlet. 

According  to  the  engineering  report,  the  dam  was  to  be  constructed  with 
a  core  trench  excavated  to  sound  bedrock.  The  fill  material  for  the  embank¬ 
ment  was  to  be  composed  of  rolled  fill  consisting  of  silts  and  clayey  silts 
found  in  close  proximity  to  the  dam.  There  was  no  information  made  available 
to  determine  if  the  dam  was  constructed  as  planned. 

Records  of  materials  testing  and  construction  inspection  were  not  avail¬ 
able  for  this  report. 

2.3  OPERATION; 

The  only  operating  facility  at  the  dam  is  a  20”  drain  pipe  through  the 
dam  with  an  18”  gate  valve  located  near  the  toe  on  the  downstream  slope  of 
the  embankment.  This  system  regulates  the  drawdown  of  the  lake  level. 
According  to  Mr.  Steve  Wobbe  of  the  Aspenhoff  Corporation,  the  drawdown 
device  is  operational. 

2.4  EVALUATION: 

A.  Availability: 

A  preliminary  engineering  report  completed  in  August  1978  is  available 
and  Includes  a  geologic  investigation,  hydrologic  investigation  and  a  dam  and 
spillway  design.  Many  of  the  recommendations  included  in  this  report  were 
not  used  in  the  construction  of  the  dam. 

A  plan  sheet  showing  cross  sections  and  the  location  of  the  spillway 
channel  similar  to  the  as-built  conditions  was  drawn  in  February  1980. 
According  to  Mr.  Steve  Wobbe,  a  spillway  capacity  analysis  of  the  design 
shown  on  the  February  1980  plan  sheet  was  made  by  Gateway  Consultants  and  it 
was  determined  that  the  dam  and  spillway  have  the  capacity  to  store  and  pass 
approximately  27  percent  of  the  PMF  without  overtopping  the  dam.  A  copy  of 
the  spillway  analysis  was  not  available  for  this  report. 

No  seepage  or  stability  analysis,  or  construction  inspection  data  were 
available  for  the  dam. 
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Adequacy 


Due  to  the  fact  that  recommendations  included  in  the  preliminary 
engineering  report  were  not  followed,  the  engineering  data  in  the  report  must 
be  considered  inadequate. 

The  calculated  spillway  capacity  as  determined  by  Gateway  Consultants  is 
in  approximate  agreement  with  the  hydrologic  findings  of  this  report  which 
states  that  the  spillway  can  safely  pass  33  percent  of  the  PMF  without  over¬ 
topping  the  dam. 

The  fact  that  no  seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  Recommended  Guidelines  for  Safety  Inspection  of  Dams  were 
available  is  a  deficiency  which  should  be  rectified.  The  seepage  and 
stability  analyses  should  be  performed  for  appropriate  loading  conditions  and 
made  a  matter  of  record. 

C.  Validity: 

No  conclusions  can  be  drawn  concerning  the  validity  of  the  original 
design  analyses  due  to  the  discrepancies  between  the  preliminary  engineering 
report  and  the  as-built  conditions. 

The  results  of  the  spillway  analysis  completed  by  Gateway  Consultants 
are  in  close  agreement  with  the  hydrologic  findings  of  this  dam  inspection 
report . 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS : 

A.  General : 

The  field  inspection  was  made  on  15  January  1981.  The  inspection  team 
consisted  of  personnel  from  Crawford,  Murphy  &  Tilly,  Inc.  of  Springfield, 
Illinois  and  from  A  &  H  Engineering  Corporation,  Carbondale,  Illinois.  The 
inspection  team  met  with  Mr.  Steve  Wobbe  prior  to  the  field  inspection,  but 
he  did  not  accompany  the  inspection  team  during  the  on-site  inspection.  The 
members  were: 

Russell  Clairmont,  P.E.  -  Crawford,  Murphy  &  Tilly,  Inc. 

Robert  Andrews,  P.E.  -  A  &  H  Engineering  Corporation 

Edward  LaBelle,  E.I.T.  -  Crawford,  Murphy  &  Tilly,  Inc. 

The  field  inspection  included  the  determination  of  dimensions  and  eleva¬ 
tions  of  the  dam  and  appurtenances  necessary  to  show  a  plan  view,  a  dam 
profile,  a  spillway  profile  and  cross  sections,  and  a  pertinent  cross  section 
of  the  dam.  For  this  report  all  elevations  were  obtained  by  using  a  USGS 
control  elevation  point  located  near  the  dam.  The  control  point  is  located 
on  a  concrete  box  culvert  crossing  Highway  F  just  west  of  the  dam  site.  The 
elevation  of  the  control  point  is  637.0  feet  above  Mean  Sea  Level.  Upon 
comparing  elevations  obtained  for  the  dam  and  appurtenant  works  using  this 
control  point  with  those  elevations  found  in  the  original  design  report  and 
on  the  plan  sheets,  there  is  no  correlation  between  the  three  sets  of 
elevations.  It  is  beyond  the  scope  of  this  report  to  determine  the  reason 
for  the  discrepancy  between  the  various  sets  of  elevations. 

A  visual  inspection  of  the  dam,  spillway,  drainage  area,  and  downstream 
channel  was  performed  and  phot*  graphs  were  taken  of  each  of  them. 

Maps  and  general  drawings  of  the  dam  and  appurtenances  are  presented  on 
Plates  1  through  5  in  Appendix  A  and  a  hydrologic  and  hydraulic  analysis  is 
presented  in  Appendix  B. 

B.  Regional  and  Project  Geology: 

The  general  subsurface  geology  of  Warren  County  consists  of  Precambrian 
bedrock  overlain  by  Paleozoic  formations.  The  Mesozoic  Era  is  locally  absent 
through  most  of  this  area  and  the  Cenozoic  Era  is  represented  usually  in 
surface  deposits. 

The  major  structural  features  in  Missouri  consist  of  the  Ozark  uplift 
with  subsequent  basins  and  numerous  glacial  features  Including  the  major 
river  systems  (Mississippi  and  Missouri). 
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The  Paleozoic  rock  formations  encountered  in  the  subsurface  of  Warren 
County  consist  of  Cambrian,  Ordovician,  Silurian,  Devonian,  and  Mississippian 
aged  rock.  The  structural  attitude  of  these  Paleozoic  formations  is 
controlled  principally  by  the  shape  of  the  Ozark  uplift.  The  apex  of  this 
uplift  lies  in  the  St.  Francois  Mountains  (south-southeast  of  Warren 
County).  The  rock  units  dip  away  from  the  apex  of  this  uplift  to  the  north¬ 
west  through  the  Forrest  City  basin  and  to  the  northeast  through  the  Illinois 
basin.  The  Missouri  River  and  other  tributaries  expose  Ordovician,  Silurian, 
Devonian  and  Mississippian  bedrock  throughout  Warren  County. 

The  probable  extent  of  both  the  Kansas  and  Nebraskan  glacial  period 
covered  all  or  part  of  Warren  County  and  paralleled  the  Missouri  River.  The 
Illinoian  glacial  period  stopped  short  of  Warren  County  but  glacial  runoff 
along  the  Missouri  River  and  its  tributaries  was  significant.  Loess  deposits 
are  found  throughout  most  of  the  upland  areas.  Recent  alluvial  deposits 
replace  loess  deposits  in  the  Missouri  River  plain.  Also  alluvial  terraces 
from  primarily  the  Kansasan  glacial  period  are  found  along  all  major  valleys 
in  the  area  including  the  project  site. 

The  soil  cover  on  the  upland  areas  adjacent  to  the  dam  site  consist  of  a 
light  brown  modified  loess  (ML-CL)  with  thicknesses  in  the  range  of  4  to  6 
feet.  The  soil  cover  in  the  immediate  area  of  the  dam  and  abutments  consist 
of  a  silty  glacial  till  with  thicknesses  in  the  range  of  5  to  15  feet.  Soil 
that  was  exposed  in  the  banks  of  the  downstream  channel  indicated  a  layer  or 
layers  of  sand  and/or  gravel  near  the  interface  of  the  soil  and  rock 
materials. 

A  fractured  and  weathered  limestone  was  observed  in  the  discharge 
channel  and  along  the  downstream  slopes.  This  limestone  bedrock  appears  to 
be  Plattin  limestone  from  the  Champlainian  series.  The  underlying  bedrock  is 
composed  predominantly  of  dolomite  and  limestone  with  several  significant 
sandstone  units.  Unconformities  are  conspicuous  at  both  the  base  and  top  of 
the  Ordovician  bedrock  system.  Solution  features  (caves  and  springs)  are 
present  in  the  Canadian  formations. 

The  dam  site  is  located  in  Seismic  Zone  1  as  shown  on  the  Seismic  Zone 
Map  in  the  inspection  guidelines. 

C.  Dam: 

Innsbrook  Estates  Dam  No.  1  is  an  earthfill  dam  with  a  height  of 
approximately  56.4  feet  and  a  length  at  the  crest  of  approximately  600  feet. 
There  is  a  trapezoidal  channel  cut  into  natural  ground  just  right  of  the 
right  abutment  which  is  the  spillway.  There  is  no  emergency  spillway  at  th> 
dam.  The  drawdown  works  consist  of  a  20"  pipe  through  the  dam  controlled  by 
an  18"  gate  valve.  The  upstream  slope  of  the  dam  has  a  10'  wide  berm  covered 
with  riprap  running  the  entire  length  of  the  dam. 


10 


.1 


Both  vertical  and  horizontal  alignments  of  the  crest  of  the  dam  appear 
fairly  uniform.  The  horizontal  alignment  of  the  crest  is  a  straight  line  and 
the  crest  has  a  width  of  approximately  26  feet.  A  gravel  roadway  runs  along 
the  length  of  the  crest  of  the  dam.  Photograph  2  shows  a  view  along  the 
crest  of  the  dam. 

The  elevation  of  the  centerline  of  the  crest  of  the  dam  varies  from 
687.9  to  689.0  or  approximately  1.1  feet.  The  low  point  of  the  embankment 
was  apparently  caused  by  greater  settlement  near  the  area  of  the  greatest 
height  of  fill.  This  area  is  located  towards  the  left  abutment  near  the  site 

of  the  original  creek  bed.  A  profile  of  the  crest  of  the  dam  is  shown  on 

Exhibit  3  of  Appendix  B. 

The  upstream  face  of  the  dam  has  a  slope  of  2.3  horizontal  to  1  vertical 

from  the  crest  down  to  a  berm  and  a  slope  of  3.3  horizontal  to  1  vertical 

from  the  berm  to  the  waterline.  Below  the  waterline  the  slope  is  estimated 
to  be  3.3  horizontal  to  1  vertical  although  no  measurements  were  made  below 
the  water  surface.  The  10  foot  wide  berm  is  covered  with  riprap  material 
excavated  from  the  spillway  channel  near  the  right  abutment.  The  downstream 
face  of  the  dam  has  a  varying  slope  of  3.3  horizontal  to  1  vertical  just 
below  the  crest  and  a  slope  of  3  horizontal  to  1  vertical  on  the  lower  half 

of  the  embankment.  A  typical  cross  section  of  the  dam  can  be  seen  on  Plate  5 

of  Appendix  A.  Photographs  3  and  4  show  the  upstream  and  downstream  slopes, 
re spectively. 

Erosion  was  noted  along  both  downstream  abutments  and  along  the  left 

upstream  abutment  to  depths  of  6”  -  18**  (See  Photograph  5).  The  cause  of  the 

erosion  appears  to  be  storm  water  runoff  along  the  dam.  Surface  erosion 
caused  by  storm  runoff  on  the  newly  constructed  embankment  was  noted  on  both 
the  upstream  and  downstream  face  of  dam  to  a  depth  of  3”  -  6".  No  surface 
cracks  or  unusual  movement  or  cracking  at  or  beyond  the  toe  of  the  dam  was 
noticed.  No  evidence  was  found  of  animal  holes  or  burrows  on  the 
embankment.  Riprap  cover  on  the  upstream  face  is  thin  in  spots  and  built  up 
very  high  in  others.  There  is  evidence  of  water  ponding  between  the  riprap 
and  embankment  In  several  areas.  A  view  showing  the  upstream  embankment  and 
the  riprap  can  be  seen  in  Photograph  3. 

Ground  cover  on  the  embankment  is  generally  thin  in  areas  along  the 
downstream  face  of  the  dam.  Tall  weeds  were  noted  between  the  berm  and  crest 
of  the  dam  on  the  upstream  slope  and  around  the  gate  valve  enclosure  and 
outlet  of  the  drawdown  pipe  on  the  downstream  slope. 

Seepage  was  noted  near  the  base  of  the  left  downstream  abutment  in  the 
general  area  of  the  original  streambed.  According  to  Steve  Wobbe  the  source 
of  the  seepage  is  a  12”  or  15”  metal  pipe  installed  in  the  embankment  to 
carry  any  water  from  the  weathered  bedrock  away  from  the  center  of  the 
embankment.  Pressure  grouting  of  the  bedrock  was  carried  out  prior  to  em¬ 
bankment  construction*  but  apparently  failed  to  seal  all  voids  in  the  rock. 
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Flow  from  the  seepage  area,  at  the  time  of  inspection,  is  estimated  to  be  10 
to  12  gallons  per  minute.  Photograph  7  shows  a  view  of  the  seepage  area. 

A  shallow  soil  sample  was  obtained  from  the  embankment  near  the  right 
upstream  abutment  between  the  10  foot  wide  berm  and  the  crest  of  the  dam. 

The  sample  was  classified  as  a  light  brown  clayey  silt  with  traces  of  rock 
fragments  (ML). 

D.  Appurtenant  Structures: 

D.l  Principal  Spillway: 

The  principal  spillway  is  a  trapezoidal  channel  excavated  in  the  natural 
ground  right  of  the  right  abutment.  The  channel  alignment  is  approximately 
perpendicular  to  the  dam  crest  and  begins  approximately  130  feet  upstream 
from  the  centerline  of  the  dam  and  ends  approximately  300  feet  downstream  of 
the  centerline.  Discharge  from  the  excavated  spillway  channel  would  flow 
parallel  to  the  toe  of  the  dam  on  natural  ground.  There  is  a  ridge  of  ground 
which  separates  the  spillway  channel  from  the  dam.  This  ridge  is  part  of  the 
original  hillside  which  was  not  cut  away  when  the  channel  was  made. 

A  vehicle  bridge  was  recently  constructed  across  the  spillway  channel  in 
a  straight  alignment  with  the  dam  crest.  When  completed,  this  bridge  will  be 
used  to  carry  traffic  to  and  from  the  dam.  At  the  present  time  vehicles 
bypass  the  bridge  site  and  cross  the  spillway  channel  along  the  spillway 
crest. 


A  profile  of  the  centerline  of  the  spillway  is  shown  on  Exhibit  4  of 
Appendix  B.  Cross  sections  of  the  spillway  channel  at  the  entrance  to  the 
channel  and  at  the  bridge  are  shown  on  Exhibits  5  and  6  of  Appendix  B. 

The  crest  of  the  spillway  is  irregular  and  is  115  feet  long  and  approxi¬ 
mately  20  feet  wide.  The  crest  has  an  elevation  of  678.0  feet  at  the  lowest 
point.  At  the  present  time  the  crest  has  a  3M  -  4”  layer  of  gravel  and  is 
used  for  a  roadway.  According  to  Mr.  Steve  Wobbe,  this  roadway  will  be 
removed  upon  completion  of  the  bridge  and  its  approach  roads.  The  approach 
channel  to  the  spillway  crest  presently  is  covered  with  fill  material  from 
the  spillway  excavation  on  a  slope  of  approximately  10  percent.  The  dis¬ 
charge  channel  has  been  excavated  from  highly  weathered  bedrock  and  has  no 
vegetative  cover.  Side  slopes  of  the  channel  are  very  irregular  and  are 
almost  vertical.  The  spillway  is  shown  in  Photographs  8  -  11  of  Appendix  C. 

D.2  Emergency  Spillway; 

There  is  no  emergency  spillway  associated  with  this  dam. 

D.3  Drawdown  Facility: 

The  drawdown  facility  consists  of  a  20"  diameter  cast  iron  pipe  which 
extends  through  the  embankment  and  is  located  approximately  130  feet  right  of 
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the  left  abutment.  The  exact  length  of  the  pipe  and  the  location  of  the  up¬ 
stream  end  is  not  known.  The  downstream  end  of  the  pipe  outlets  at  the  toe 
of  the  dam.  A  wooden  enclosure  covers  an  18"  gate  valve  approximately  10 
feet  from  the  outlet  of  the  pipe.  The  downstream  end  of  the  drawdown  pipe 
and  the  valve  enclosure  can  be  seen  in  Photograph  12.  The  water  in  the  pipe 
outlet  in  Photograph  12  is  frozen;  there  was  no  discharge  from  the  drawdown 
works  at  the  time  of  the  inspection.  According  to  Mr.  Steve  Wobbe,  the 
drawdown  device  has  not  been  used  since  its  installation.  The  capacity  of 
the  drawdown  device  is  65  cfs  at  maximum  pool  based  on  the  orifice  formula 
using  an  orifice  coefficient  of  0.64,  a  head  difference  of  51.8  ft.  and  the 
18"  diameter  of  the  gate  valve. 

E.  Reservoir  and  Watershed: 

The  watershed  for  Innsbrook  Estates  Dam  contains  the  lake  surface  area, 
recreational  areas,  building  sites,  heavily  forested  areas,  pastureland  and 
cultivated  areas.  The  surface  area  of  the  lake  is  approximately  3  percent  of 
the  total  drainage  area  at  elevation  669.0  which  was  the  water  level  on  the 
day  of  the  inspection  and  ranging  up  to  5  percent  at  the  top  of  the  dam 
elevation  of  687.9.  The  remainder  of  the  watershed  consists  of  approxi¬ 
mately  15  percent  developed  areas,  50  percent  forested  areas  and  30  percent 
of  land  used  for  pasture  or  agricultural  purposes.  A  view  of  the  lake  is 
shown  in  Photograph  13.  A  typical  view  of  the  watershed  is  shown  in 
Photograph  14. 

About  60  percent  of  the  watershed  has  soil  belonging  to  hydrologic  Group 
D  as  defined  by  the  SCS  and  includes  soils  in  the  Keswick  and  Calwoods 
Series.  About  30  percent  of  the  watershed  has  soil  belonging  to  hydrologic 
Group  C  and  includes  soils  in  the  Hatton,  Lindley,  and  Dockery  Series.  The 
remainder  of  the  watershed  consists  of  soils  in  the  Cedargap,  Goss,  Crider, 
Nodaway,  and  Auxvasse  Series.  These  groups  of  soils  are  present  in  only 
small  areas  and  some  of  them  have  not  been  classified  into  hydrologic 
groups.  Sedimentation  of  the  reservoir  is  assumed  to  have  been  negligible 
because  of  the  recent  construction  of  the  dam.  The  sedimentation  potential 
appears  to  be  small  if  good  construction  practices  are  used  in  developing  the 
property  adjacent  to  the  reservoir. 

F.  Downstream  Channel: 

The  channel  downstream  of  the  dam  is  located  along  the  left  side  of  a 
relatively  broad  flood  plain.  The  channel  banks  are  overgrown  with  brush  and 
young  trees,  but  the  rest  of  the  flood  plain  is  covered  with  grass. 
Approximately  1300  feet  downstream  of  the  centerline  of  the  dam,  the  channel 
crosses  under  a  bridge  along  County  Route  F.  Between  the  dam  and  the  bridge, 
the  channel  has  a  slope  of  approximately  1.3%  and  for  a  half  mile  beyond  the 
bridge  the  channel  has  a  slope  of  approximately  0.6%,  based  on  USGS  mapping. 
The  downstream  channel  and  adjacent  flood  plain  can  be  seen  in  Photograph  15. 
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3.2  EVALUATION: 


A  number  of  deficiencies  exist  with  the  dam  and  related  appurtenances 
which  should  be  corrected.  The  lack  of  seepage  and  stability  analyses  in¬ 
cluding  seismic  loadings,  is  a  deficiency  which  should  be  corrected. 

The  seepage  noted  on  the  toe  of  the  left  abutment  should  be  further 
investigated  and  monitored  on  a  regular  basis*  In  order  to  determine  the 
probable  source  of  the  flow,  the  outlet  of  the  12"  or  15"  pipe  installed  in 
the  embankment  should  be  uncovered  and  left  exposed  for  monitoring  of  the 
quantity  and  quality  of  water  discharged. 

Erosion  problems  exist  on  both  the  upstream  and  downstream  faces  of  the 
dam,  at  both  abutments  on  the  downstream  slope,  and  on  the  left  abutment  on 
the  upstream  slope.  All  erosion  gullies  should  be  repaired  and  a  good 
vegetal  cover  established. 

Due  to  lack  of  slope  and  surface  protection  of  the  highly  weathered 
bedrock  exposed  in  the  spillway  channel,  the  potential  for  erosion  during 
storm  water  discharge  Is  great.  Consideration  should  be  given  to  lining  the 
channel  with  concrete  or  other  suitable  material  to  prevent  such  an 
occurrence. 

The  capacity  of  the  spillway  channel  should  be  increased  as  discussed  in 
Section  5. 

There  was  no  flow  from  the  outlet  from  the  drawdown  works  at  the  time  of 
the  inspection,  but  the  presence  of  ice  indicated  that  there  may  be  leakage 
past  the  gate  valve.  The  outlet  of  the  pipe  should  be  checked  for  flow 
during  warm  weather  and  the  situation  remedied  if  leakage  is  found. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES : 

The  only  operating  equipment  at  Innsbrook  Estates  Dam  No.  1  is  a  20" 
drawdown  pipe  through  the  dam  with  an  18"  gate  valve  on  the  downstream  slope 
of  the  dam  to  lower  the  lake  water  level. 

The  water  level  in  the  lake  has  been  controlled  up  to  the  time  of  the 
inspection  by  rainfall,  runoff,  evaporation  and  seepage  of  the  lake  water 
into  the  ground.  Should  the  lake  level  ever  reach  the  spillway  crest,  there 
will  be  outflow  from  the  lake  through  the  spillway  channel. 

4.2  MAINTENANCE  OF  DAM: 

The  maintenance  of  the  dam  is  presently  the  responsibility  of  the 
Aspenhoff  Corporation  under  the  direction  of  Mr.  Steve  Wobbe.  The  dam  has 
been  recently  constructed  and  no  maintenance  program  has  been  set  up  at  this 
time.  Once  ground  cover  has  been  well  established  the  upstream  and 
downstream  slopes  should  be  maintained  on  a  regular  basis.  The  spillway  has 
been  recently  constructed  and  no  maintenance  has  been  done. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES: 

No  maintenance  has  been  performed  on  the  drawdown  device  since  it  was 
originally  installed.  It  is  anticipated  that  the  gate  valve  assembly  will  be 
operated  periodically  to  assure  its  continued  operability. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT: 


No  warning  system  is  known  to  exist. 

4.5  EVALUATION; 

A  maintenance  program  for  the  dam  should  be  implemented.  Erosion 
gullies  on  the  dam  and  in  the  spillway  should  be  repaired  and  reseeded.  The 
embankment  should  be  mowed  regularly  to  promote  a  good  grass  cover  and  to 
keep  weeds  and  brush  from  growing  extensively.  The  gate  valve  on  the 
drawdown  device  should  be  operated  occasionally.  The  outlet  of  the  drawdown 
pipe  should  be  checked  periodically  for  leakage. 
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SECTION  5  -  HYDRAULIC/ HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES: 

A.  Design  Data: 

A  preliminary  engineering  design  report  was  done  by  Lewis  and  Associates 
of  Warrenton,  Missouri,  and  was  submitted  during  July  1978.  The  preliminary 
engineering  design  included  study  of  hydrologic  characteristics  of  the  water¬ 
shed,  hydraulic  features  of  the  dam  and  spillways,  and  selection  of  a  lake 
level. 


Many  of  the  recommendations  made  in  the  design  report  were  not  followed 
in  the  construction  of  the  dam.  A  normal  pool  elevation  of  670.0  was  chosen 
which  would  have  provided  a  lake  of  137  acres  with  a  maximum  depth  of  30 
feet.  A  two  spillway  system  was  recommended  with  the  principal  spillway 
designed  to  handle  the  25-year  frequency  storm  (4%  probability  storm)  and  the 
emergency  spillway  designed  to  pass  the  100-year  frequency  storm  (1Z 
probability  storm)  with  1  foot  of  freeboard  between  the  maximum  pool  level 
and  the  top  of  the  dam.  It  was  recommended  that  a  gated  outlet  apparatus  and 
a  drain  system  be  installed  at  the  dam.  None  of  these  preliminary 
recommendations  on  the  lake  level  and  spillway  design  were  used  when  the  dam 
was  constructed. 

A  plan  sheet  showing  cross  sections  and  the  location  of  the  spillway 
channel  similar  to  the  way  it  was  actually  built  was  drawn  in  February  1980 
by  Lewis  and  Associates.  This  plan  sheet  also  showed  a  20”  diameter  drain 
pipe  which  was  built. 

A  study  was  completed  by  Gateway  Consultants,  St.  Louis,  Missouri,  to 
determine  the  maximum  spillway  discharge.  It  was  determined  the  spillway 
could  discharge  the  27  percent  PMF  without  overtopping  the  dam. 

The  significant  dimensions  of  the  dam  and  reservoir  were  measured  or 
surveyed  on  the  date  of  the  inspection  or  estimated  from  available  topo¬ 
graphic  mapping.  The  maps  used  in  the  analysis  were  the  7.5  minute  U.  S. 
Geological  Survey  quadrangle  sheets  for  Wright  City,  Missouri,  for  Foristell, 
Missouri,  for  Marthasville ,  Missouri,  and  for  New  Melle,  Missouri,  all  of 
which  are  dated  1972.  Surface  soil  information  was  available  from  mapping  in 
"Soil  Survey  of  Montgomery  and  Warren  Counties,  Missouri.” 

B.  Experience  Data: 

No  recorded  rainfall,  runoff,  discharge  or  reservoir  stage  data  were 
available  fot  the  lake  and  watershed.  At  the  time  of  the  inspection  the  lake 
had  never  risen  to  the  spillway  crest  and  there  had  never  been  any  outflow 
from  the  lake. 
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V  _ 


C.  Visual  Observations: 

Descriptions  of  the  watershed,  reservoir  and  the  spillway  are  given  in 
Section  3.  The  lake  level  will  be  controlled  by  the  uncontrolled  spillway 
channel.  The  apparent  high  water  mark  was  the  lake  level  on  the  day  of  the 
inspection  at  elevation  669.0.  The  crest  of  the  spillway  is  9.9  feet  below 
the  top  of  the  dam  and  the  spillway  has  a  capacity  of  approximately  6144  cfs 
when  the  lake  level  is  at  the  top  of  the  dam. 

A  description  of  the  downstream  channel  is  given  in  Paragraph  3. IF.  The 
downstream  hazard  zone  extends  approximately  eleven  miles  downstream.  Within 
this  zone  are  2  houses,  a  mobile  home  and  County  Route  F  immediately  below 
the  dam  and  numerous  other  structures,  homes  and  roadways  further  down¬ 
stream. 

D.  Overtopping  Potential: 

Based  on  the  hydrologic  and  hydraulic  analysis  presented  in  Appendix  B, 
the  dam  and  its  spillway  have  the  capacity  to  store  and  pass  approximately  33 
percent  of  the  Probable  Maximum  Flood  (PMF)  without  being  overtopped.  The 
Probable  Maximum  Flood  is  defined  as  the  flood  that  may  be  expected  from  the 
most  severe  combination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible  in  a  region.  The  recommended  guidelines  from 
the  Department  of  the  Army,  Office  of  the  Chief  of  Engineers,  require  that 
this  dam  which  is  in  the  intermediate  size  category  with  a  high  downstream 
hazard  potential  classification  pass  100  percent  of  the  PMF  without  over¬ 
topping.  Thus  the  spillway  capacity  of  this  dam  is  considered  seriously 
inadequate.  The  dam  and  spillway  will  hold  and  pass  a  1  percent  probability 
flood  without  overtopping  the  dam. 

Data  for  the  33  percent  PMF,  the  50  percent  PMF,  and  the  100  percent  PMF 
are  presented  in  the  table  below: 


Percent 

PMF 

Starting 

Pool 

Elevation 

(MSL) 

Peak 

Inflow 

To  Lake 
(cfs) 

Maximum 

Pool 

Elevation 

(MSL) 

Maximum 

Depth 

Over  Dam 
(feet) 

Peak 

Discharge 

(cfs) 

Overtopping 

Duration 

(hour) 

33 

678.0 

18533 

687.75 

0 

6020 

0 

50 

678.0 

28080 

690.55 

2.65 

13405 

3.4 

100 

678.0 

56160 

694.95 

7.05 

39215 

6.5 

The  starting  pool  elevations  shown  were  found  by  assuming  the  lake  level 
was  at  the  crest  of  the  spillway  at  elevation  678.0  and  then  applying  an 
appropriate  antecedent  storm  four  days  prior  to  the  storm  being  analyzed. 
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The  antecedent  storm  applied  in  each  case  was  one-half  the  PMF  ratio  storm 
being  checked*  In  each  case,  however,  the  reservoir  level  returned  to 
elevation  678.0  after  four  days.  The  spillway  has  a  maximum  capacity  of  6144 
cfs  with  the  lake  level  at  the  top  of  the  dam. 

The  dam  will  be  overtopped  by  flood  flows  of  less  magnitude  than  the 
Spillway  Design  Flood.  Overtopping  of  an  earthen  embankment  could  cause 
serious  erosion  and  lead  to  failure  of  the  structure.  Flood  discharges 
resulting  from  a  failure  of  Innsbrook  Estates  Dam  No.  1  could  be  expected  to 
produce  substantial  stage  rises  in  the  hazard  zone.  Overtopping  would  lead 
to  potential  loss  of  life  and  potential  damage  to  the  three  homes  and 
Missouri  Route  F  immediately  downstream  from  the  dam. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY: 

A.  Visual  Observations; 

Observed  features  which  could  adversely  affect  the  structural  stability 
of  this  dam  are  discussed  in  Section  3  of  this  inspection  report. 

B.  Design  and  Construction  Data: 

There  is  available  an  Engineer's  Report  prepared  by  Lewis  and  Associates 
along  with  design  plans  that  include  general  information  concerning  soil 
borings.  There  is  no  record  of  a  slope  stability  analysis  being  performed 
for  the  design  of  the  dam  embankment  which  constitutes  a  deficiency  which 
should  be  rectified.  The  dam  embankment  and  spillway  were  not  constructed  as 
shown  on  the  original  plans.  There  were  no  "as-built  **  plans  available. 

C.  Operating  Records: 

No  operating  records  have  been  obtained. 

D.  Post-Construction  Changes: 

Post-construction  changes  include  a  precast  concrete  bridge  over  the 
principal  spillway  to  complete  a  roadway  over  the  crest  of  the  dam.  The 
downstream  end  of  the  spillway  was  incomplete  at  the  time  of  the  inspection 
and  should  be  completed  to  insure  that  any  flow  through  the  spillway  in  the 
future  would  not  result  in  scouring  the  downstream  toe  of  the  dam  embankment. 

E.  Seismic  Stability: 

This  dam  is  located  in  Seismic  Zone  1,  as  shown  on  Plate  3  of  Appendix 
A.  In  general,  it  is  anticipated  that  an  earthquake  of  this  magnitude  would 
not  cause  severe  structural  damage  to  a  well  constructed  earth  dam  of  this 
size.  However,  a  slope  stability  analysis  should  be  performed,  as  indicated 
in  the  inspection  guidelines,  to  determine  if  static  stability  conditions  are 
satisfactory  and  conventional  safety  margins  exist  for  this  earth  dam. 
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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT: 

A.  Safety: 

Several  Items  were  noticed  during  the  field  inspection  that  could  ad¬ 
versely  affect  the  safety  of  the  dam.  These  items  are  1)  the  seepage  noted 
at  the  toe  of  the  left  abutment,  2)  erosion  gullies  on  the  upstream  and 
downstream  faces  of  the  embankment  and  along  the  abutments,  3)  erosion 
potential  of  the  highly  weathered  bedrock  in  the  spillway  channel. 

Another  deficiency  noted  is  the  lack  of  seepage  and  stability  analyses. 
This  deficiency  should  be  corrected  and  the  results  made  a  matter  of  record. 

The  dam  will  be  overtopped  by  flows  in  excess  of  approximately  33 
percent  of  the  Probable  Maximum  Flood.  Overtopping  of  an  earthen  embankment 
could  cause  serious  erosion  and  could  possibly  lead  to  failure  of  the 
structure. 

B.  Adequacy  of  Information: 

The  conclusions  of  this  report  were  based  on  the  performance  history  as 
related  by  others,  visual  observation  of  external  conditions,  and  available 
engineering  data.  The  inspection  team  considers  that  this  information  is 
sufficient  to  support  the  conclusions  herein.  Seepage  and  stability  analyses 
comparable  to  the  Recommended  Guidelines  for  Safety  Inspection  of  Dams  were 
not  available  and  this  is  considered  a  deficiency. 

C.  Urgency: 

The  remedial  measures  recommended  in  Paragraph  7.2  for  the  items 
concerning  the  safety  of  the  dam  noted  in  Paragraph  7.1A  should  be 
accomplished  in  the  near  future.  If  good  maintenance  is  not  provided,  the 
embankment  condition  could  deteriorate  and  possibly  become  serious.  The 
deficiencies  concerning  spillway  capacity  should  be  given  a  high  priority. 

D.  Necessity  for  Additional  Inspection: 

Based  on  the  results  of  the  Phase  I  inspection,  additional  periodic 
inspections  are  recommended. 

7.2  REMEDIAL  MEASURES: 

The  following  remedial  measures  and  maintenance  procedures  are 
recommended.  All  remedial  measures  should  be  performed  under  the  guidance  of 
a  professional  engineer  experienced  in  the  design  and  construction  of  dams. 


A*  Recommendations: 


1.  The  hydraulic  capability  of  this  dam  should  be  increased  to  safely 
hold  and/or  pass  the  recommended  Spillway  Design  Flood  which  is  100 
percent  of  the  PMF.  This  is  normally  accomplished  by  one  or  more  of 
the  following  alternative  measures: 

a.  Construction  of  additional  erosion  free  spillway  capacity. 

b.  Provision  for  additional  flood  storage  by: 

i.  Increasing  the  height  of  the  dam. 

ii.  Permanently  reducing  the  normal  pool  elevation. 

2.  Seepage  and  stability  analyses  comparable  to  the  requirements  of  the 
recommended  guidelines  should  be  performed  by  an  engineer 
experienced  in  the  design  and  construction  of  dams. 

3.  The  seepage  area  at  the  base  of  the  left  abutment  should  be  further 
studied  to  determine  if  all  of  the  flow  is  from  the  12"  -  15"  metal 
pipe  as  reported  by  Mr.  Steve  Wobbe.  This  will  entail  digging  up 
and  exposing  the  downstream  end  of  the  pipe  which  is  apparently  near 
the  surface  of  the  toe  of  slope. 

B.  Operation  and  Maintenance  Procedures: 

1.  Erosion  gullies  on  the  dam  should  be  repaired  and  reseeded. 

2.  The  berm  and  riprap  on  the  upstream  face  of  the  dam  should  be 
reshaped  to  allow  drainage  off  the  embankment  and  to  fill  in  several 
thin  riprap  areas. 

3.  Erosion  protection  should  be  considered  for  the  spillway  channel 
particularly  in  the  areas  of  highly  weathered  rock  which  could  erode 
during  flow  through  the  spillway. 

4.  The  dam  should  be  monitored  for  further  erosion  in  the  future  and 
repaired  as  necessary. 

5.  The  upstream  face  of  the  dam  should  be  monitored  for  erosion  due  to 
wave  action. 

6.  Any  animals  that  begin  burrowing  in  the  embankment  should  be  removed 
and  their  burrows  filled. 

7.  The  dam  should  be  periodically  inspected  by  an  experienced  engineer 
and  records  kept  of  these  inspections  and  maintenance  efforts. 

8.  The  outlet  of  the  drawdown  pipe  should  be  monitored  for  leakage  and 
the  situation  should  be  remedied  if  leakage  is  found. 
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APPENDIX  B 


HYDROLOGIC  AND  HYDRAULIC  ANALYSIS 


A.  PURPOSE: 

The  purpose  of  this  Appendix  is  to  present  the  methodology  used  and  the 
results  of  the  hydrologic  and  hydraulic  analysis.  The  analysis  was  done 
according  to  criteria  presented  in  the  Recommended  Guidelines  for  Safety  In¬ 
spection  of  Dams  and  in  the  St.  Louis  District  Hydrologic/Hydraulic  Standards 
for  Phase  I  Safety  Inspection  of  Non-federal  Dams  dated  22  August  1980.  The 
purpose  of  the  analysis  is  to  determine  the  overtopping  potential  for 
Innsbrook  Estates  Dam  No.  1. 

B.  HYDROLOGIC  AND  HYDRAULIC  ANALYSIS: 

The  hydrologic  analysis  used  in  development  of  the  overtopping  potential 
is  based  on  applying  a  hypothetical  storm  to  a  unit  hydrograph  to  obtain  the 
inflow  hydrograph  for  a  reservoir  routing.  Data  for  determination  of  the 
unit  hydrograph  was  obtained  from  the  U.S.  Geological  Survey  7.5  minute 
quadrangle  maps  for  Wright  City,  Missouri,  for  Foristell,  Missouri,  for 
Marthasville,  Missouri,  and  for  New  Melle,  Missouri,  all  of  which  are  dated 
1972,  and  from  the  field  inspection. 

The  drainage  area  for  Innsbrook  Estates  Dam  No.  1  was  divided  into  two 
subareas  for  this  analysis  and  a  unit  hydrograph  was  determined  for  each 
subarea.  The  unit  hydrographs  from  each  subarea  were  then  combined  to  obtain 
the  unit  hydrograph  for  the  complete  drainage  area.  A  lake  and  watershed  map 
showing  the  drainage  area  boundary  and  subarea  boundaries  is  shown  on  Exhibit 
1.  There  are  several  small  lakes  in  the  drainage  area  upstream  from 
Innsbrook  Estates  Dam  No.  1.  The  combined  drainage  areas  of  these  small 
lakes  is  about  10  percent  of  the  total  drainage  area  and  the  effect  of  the 
lakes  on  the  determination  of  the  unit  hydrographs  was  neglected.  The 
parameters  used  in  the  development  of  the  unit  hydrographs  are  presented  in 
Table  1. 


TABLE  1 


UNIT  HYDROGRAPH  PARAMETERS 


Drainage  Area  (A) 

Length  of  Watercourse  (L) 
Difference  in  Elevation  (H) 
Time  of  Concentration  (Tc) 
Lag  Time  (Lg) 

Duration  (D) 

Time  to  Peak  (Tp) 

Peak  Discharge  (Qp) 


Subarea  1 


Subarea  2 


3.85  sq.  miles 
1.23  miles 
175  feet 
0.45  hours 
0.27  hours 
0.10  hours 
0.32  hours 
5820  cfs 


3.65  sq.  miles 
2.41  miles 
200  feet 
0.93  hours 
0.56  hours 
0.10  hours 
0.61  hours 
2900  cfs 


Total  Drainage  Area  -  7.50  square  miles 


Unit  Hydrographs  from  the  Computer  Output 


Time 

(Minutes) 

Subarea  1  Unit 
Hydrograph  Discharge 
(cfs) 

Subarea  2  Unit 
Hydrograph  Discharge 
(cfs) 

Combined  Unit 
Hydrograph 
Discharge  (cfs) 

0 

0 

0 

0 

6 

1193 

216 

1409 

12 

4073 

646 

4719 

18 

5783 

1321 

7104 

24 

5208 

2166 

7374 

30 

3521 

2722 

6243 

36 

2008 

2886 

4894 

42 

1231 

2779 

4010 

48 

739 

2459 

3198 

54 

440 

2037 

2477 

60 

265 

1505 

1770 

66 

160 

1122 

1282 

72 

96 

857 

953 

78 

60 

671 

731 

84 

38 

516 

554 

90 

18 

391 

409 

96 

299 

299 

102 

228 

228 

108 

175 

175 

114 

134 

134 

120 

103 

103 

126 

79 

79 

132 

60 

60 

138 

46 

46 

144 

36 

36 

150 

28 

28 

156 

23 

23 

162 

17 

17 

168 

12 

12 

174 

7 

7 

180 

2 

2 
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Formulas  Used: 


Tc 

1 

1 

11.9  L  31  0.385 

H 

From  "Design  of  Small  Dams",  1973 

Lg 

SB 

0.6  Tc 

Tp 

m 

D  +  Lg 

2 

Qp 

m 

484  A»Q 

Tp 

Q  *  Excess  Runoff  *  1  inch  for  unit 
hydrographs 

The  hypothetical  storm  that  is  applied  to  the  unit  hydrograph  i6  the 
Probable  Maximum  Precipitation  (PMP).  It  is  derived  and  determined  from 
regional  charts  prepared  by  the  National  Weather  Service  in  Hydrometeoro¬ 
logical  Report  No*  33.  No  reduction  factors  have  been  applied  to  the  PMP.  A 
24-twur  storm  duration  is  assumed  with  total  depth  distributed  over  6-hour 
periods  in  accordance  with  procedures  outlined  in  EM  1110-2-1411  (SPF  deter¬ 
mination).  The  maximum  6  hour  rainfall  period  is  then  distributed  to  hourly 
increments  by  the  same  criteria.  Within-the-hour  distribution  is  based  upon 
NOAA  Technical  Memorandum  NWS  HYDRO-35.  The  non-peak  6  hour  rainfall  periods 
are  distributed  uniformly.  All  distributed  values  are  arranged  in  a  critical 
sequence  by  the  SPF.  The  final  inflow  hydrograph  is  produced  by  deduction  of 
infiltration  losses  appropriate  to  the  soil,  land  use,  and  antecedent 
moisture  conditions.  Soil  information  was  obtained  from  mapping  included  in 
"Soil  Survey  of  Montgomery  and  Warren  Counties,  Missouri"  and  land  use  and 
slopes  were  determined  from  the  field  inspection  and  available  mapping  and 
are  presented  in  Section  3.  Antecedent  Moisture  Condition  III  (AMC  III)  was 
used  for  the  analysis  of  the  PMP  percentage  storms. 

A  1  percent  probability  storm  was  also  analyzed.  The  rainfall  amount  and 
distribution  for  the  1  percent  probability  storm  with  a  48  hour  duration  for 
a  drainage  area  of  7.5  square  miles  for  the  St.  Louis,  Missouri  area  was 
obtained  from  the  St.  Louis  District,  Corps  of  Engineers  and  used  for  the 
analysis.  Antecedent  Moisture  Condition  II  (AMC  II)  was  used  for  the 
analysis  of  the  1  percent  probability  storm.  The  rainfall  applied,  the  para¬ 
meters  used  to  determine  infiltration  losses,  and  the  resulting  runoff  are 
presented  in  Table  2. 


TABLE  2 


RAINFALL-RUNOFF  PARAMETERS 


Selected  Storm  Subarea  1  Subarea  2 


Storm  Duration 

Event  (hours) 

Rainfall 

(inches) 

Runoff 

(inches) 

Losses 

(inches) 

Runoff 

(inches) 

Losses 

(inches) 

PMP  24 

32.50 

31.75 

0.75 

31.57 

0.93 

1%  Probability 

Storm  48 

8.26 

6.01 

2.25 

5.65 

2.61 

Additional  Data: 

Subarea  1 

Subarea 

_2 

SCS  Runoff  Curve  Number 
used  for  the  PMP  ratio 

for  AMC  III 
scorns 

94 

92 

SCS  Runoff  Curve  Number  for  AMC  II 
used  for  the  IX  probability  storm 

81 

76 

Percent  of  drainage  area  that  is  impervious 

1Z 

9% 

The  reservoir  routing  is  accomplished  by  using  the  Modified  Puls  routing 
technique  in  which  the  flood  hydrograph  is  routed  through  lake  storage.  The 
hydraulic  capacity  of  the  spillway  and  the  crest  of  the  dam  are  used  as 
outlet  controls  in  the  routing.  Storage  in  the  pool  area  is  defined  by  an 
elevation-storage  capacity  curve.  The  hydraulic  capacity  of  the  spillway  and 
top  of  the  dam  are  defined  by  elevation-discharge  curves. 

The  elevation-storage  capacity  curve  was  developed  by  determining  the 
lake  surface  area  at  various  elevations  using  available  mapping  and  then  in¬ 
putting  this  Information  to  the  HEC-1  computer  program.  The  computer  program 
then  developed  an  elevation-storage  capacity  curve  using  the  conic  method. 

An  elevation-area-capacity  curve  is  shown  on  Exhibit  2. 

For  the  overtopping  analysis  the  top  of  the  dam  is  the  lower  of  the 
following  elevations:  (1)  The  minimum  elevation  of  the  embankment  as 
determined  by  simple  field  surveys.  (2)  The  lake  elevation  at  which 
corresponding  spillway  channel  outflow  velocities,  as  determined  from  simple 
hydraulic  formula,  exceed  the  suggested  maximum  permissible  mean  channel 
velocities.  The  top  of  the  dam  was  determined  to  be  687.9  which  is  the 
minimum  elevation  of  the  embankment.  Outflow  velocities  in  the  spillway 
channel  when  the  lake  is  at  this  elevation  are  at  or  below  the  suggested 
maximum  permissible  mean  channel  velocities  for  rock  spillways.  Although  the 
spillway  channel  is  not  completely  rock-lined,  as  discussed  in  Section  3 .ID, 
and  some  erosion  will  occur,  the  erosion  is  not  expected  to  significantly 
affect  the  channel  cross  section  or  its  crest  elevation. 


B-4 


The  elevation-discharge  capacity  curve  for  the  top  of  the  dam  was 
developed  using  the  non-level  crest  option  of  the  HEC-1  computer  program* 

The  program  assumes  critical  flow  over  a  broad-crested  weir.  A  profile  of 
the  dam  crest  is  given  on  Exhibit  3. 

The  hydraulic  capacity  of  the  spillway  channel  was  determined  using  the 
"HEC-2  Water  Surface  Profiles'*  computer  program.  The  HEC-2  program  computes 
water  surface  profiles  in  a  channel  for  either  subcritical  or  supercritical 
flow.  Cross  sections,  slopes,  channel  roughness  and  other  channel 
characteristics  affecting  head  loss  in  the  channel  were  input  to  the 
computer.  The  computer  then  determined  the  water  surface  elevation  in  the 
lake  for  a  given  discharge.  The  profile  of  the  spillway  flowline  and  cross 
sections  of  the  spillway  channel  as  surveyed  in  the  field  were  used  in  this 
determination  and  they  are  shorn  on  Exhibits  4,  5  and  6.  The  elevation  vs. 
spillway  capacity  obtained  from  the  HEC-2  computer  program  and  input  to  the 
HEC-1  computer  program  is  shown  in  Table  3. 

TABLE  3 

LAKE  ELEVATION  VS.  SPILLWAY  CAPACITY 


Values  Input  To  The  HEC-1  Computer  Program 


Elevation 

Spillway  Capacity 

(MSL) 

(cfs) 

678.0 

0 

679.33 

250 

679.98 

500 

680.91 

1000 

682.28 

2000 

683.40 

3000 

684.93 

4000 

686.38 

5000 

687.72 

6000 

688.97 

7000 

691.34 

8000 

The  dam  overtopping  analysis  has  been  conducted  by  hydrologic  methods  for 
this  dam  and  lake.  This  analysis  determines  the  percentage  of  the  PMF  hydro¬ 
graph  that  the  reservoir  can  contain  without  the  dam  being  effectively 
overtopped.  According  to  Hydrologic /Hydraulic  Standards  developed  by  the 
Corps  of  Engineers,  St.  Louis  District,  an  antecedent  storm  should  be  applied 
to  the  watershed  before  analysis  of  the  PMF.  The  antecedent  storm  precedes 
the  storm  being  analyzed  by  4  days  a*d  the  starting  elevation  at  the 
beginning  of  the  antecedent  storm  is  the  mean  annual  high  water  mark.  Since 
the  lake  level  has  never  been  to  the  spillway  crest  elevation,  the  high  water 
mark  is  below  the  spillway  crest.  For  this  analysis  the  spillway  crest 
elevation  of  678.0  was  felt  to  be  the  appropriate  starting  elevation  at  the 


beginning  of  the  antecedent  storms*  The  analysis  of  each  of  the  PMF  ratio 
storms  is  a  storm  half  the  magnitude  of  the  storm  being  analyzed*  During  the 
antecedent  storm,  the  reservoir  level  would  rise  and  after  4  days,  outflow 
from  the  spillway  would  return  the  lake  to  the  spillway  crest  elevation  of 
678*0.  This  elevation  was  used  as  the  starting  elevation  for  the  analysis  of 
the  33  percent  PMF,  50  percent  PMF,  and  100  percent  PMF. 

The  antecedent  storm  for  the  analysis  of  the  1  percent  probability  storm 
is  the  rainfall  in  the  24  hours  preceding  the  peak  24-hour  period  assuming  a 
48-hour  duration*  The  spillway  crest  elevation  of  678.0  was  used  as  the 
starting  elevation  for  the  analysis  of  the  48-hour  1  percent  probability 
storm* 

The  above  methodology  has  been  accomplished  for  this  report  using  the 
systematized  computer  program  HEC-1  (Dam  Safety  Version),  July  1978,  prepared 
by  the  Hydrologic  Engineering  Center,  U.  S.  Army  Corps  of  Engineers,  Davis, 
California*  The  numeric  parameters  estimated  for  this  site  and  input  to  the 
program  are  listed  on  Exhibit  7.  Definitions  of  these  variables  are 
contained  in  the  ’’User's  Manual”  for  the  computer  program. 

The  inflow  and  outflow  hydrographs,  obtained  from  the  computer  output, 
for  the  33  percent,  50  percent  PMF,  and  100  percent  PMF  storms  are  shown  on 
Exhibits  8,  9  and  10.  The  computer  printout  summary  table  for  the 
overtopping  analysis  is  presented  on  Exhibit  11. 

C.  REFERENCES: 

a.  Design  of  Small  Dams,  United  States  Department  of  the  Interior, 
Bureau  of  Reclamation,  Second  Edition,  1973. 

b.  Flood  Hydrograph  Package  (HEC-1),  Users  Manual  for  Dam  Safety 
Inves tiga tlons ,  The  Hydrologic  Engineering  Center,  U.  S.  Army  Corps 
of  Engineers,  Davis,  California;  September,  1978* 

c •  HEC-2,  Water  Surface  Profiles,  Users  Manual  with  Supplement,  The 

Hydrologic  Engineering  Center,  U.  S.  Army  Corps  of  Engineers,  Davis, 
California;  November,  1976. 

d.  Riedel,  J.  T. ,  Appleby,  J.  F.,  and  Schloemer,  R.  W.,  Seasonal 

Variation  of  the  Probable  Maximum  Precipcitation  East  of  the  105th 
Meridian  for  Areas  from  10  to  1000  Square  Miles  and  Durations  of 
6,  12,  24  and  48  Hours,  Hydrometeorological  Report  No.  33,  U.  S. 
Department  of  Commerce,  Weather  Bureau,  April  1956. 
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HEC-1  INPUT  DATA 
INNSBROOK  ESTATES. 

DAM  NO.  1  M031714 

HVn*OCR*»H  AT 

STAAPf A 

1  FDR  PLAN  1, 

RTIO  4 

1. 

1 , 

1  . 

1 . 

2. 

2. 

2. 

2. 

2. 

3. 

6. 

10. 

15. 

20. 

84. 

29. 

34. 

38. 

43. 

47. 

50. 

54. 

57. 

60. 

63. 

66. 

68. 

71. 

73. 

75. 

78. 

BO. 

81, 

33. 

85. 

87. 

88. 

90. 

91. 

92. 

94. 

95. 

96. 

97. 

96. 

99. 

LOO. 

101. 

102. 

103. 

104. 

105. 

106. 

106. 

107. 

108. 

109. 

109. 

110. 

110. 

130. 

196. 

292. 

379. 

441  . 

480. 

50S. 

583. 

536. 

545. 

562. 

550. 

568. 

566. 

570. 

572. 

575. 

577. 

579. 

S81  . 

583. 

605. 

506. 

588. 

589. 

590. 

591. 

592. 

593. 

534. 

535. 

596. 

597. 

597. 

598. 

599. 

599. 

600. 

600. 

601. 

601. 

602, 

608. 

603. 

603. 

603. 

604. 

604. 

604. 

605. 

605. 

605. 

605. 

606. 

606. 

606. 

606. 

607. 

607. 

607. 

677. 

917. 

1867. 

1564. 

1772. 

1891. 

1965. 

8010. 

2037. 

2053. 

8083. 

8158. 

2259. 

2350. 

2410. 

2445. 

2466. 

8479. 

2487. 

2492. 

8585. 

2630. 

8777. 

2909. 

2999. 

3050. 

XB1. 

3100. 

3112. 

3119. 

3185. 

3173, 

3352. 

3753. 

4752. 

7239. 

105B1. 

12883. 

1 1431 . 

9306. 

7164. 

5632. 

4573. 

3914, 

3519. 

3882. 

3139. 

3055. 

3001 . 

2962. 

2906. 

8796. 

8646. 

2S14, 

242S. 

8374. 

2343. 

2385. 

2314. 

2307. 

8802. 

1857, 

1368. 

1195. 

1156. 

1117. 

1080. 

1045. 

1010. 

977. 

944. 

913. 

883. 

854. 

825. 

798. 

772. 

746. 

722. 

698. 

675. 

652. 

631. 

610. 

590. 

570. 

551 . 

533. 

515. 

498. 

488. 

466. 

450. 

436. 

421. 

407. 

394. 

381. 

368. 

356. 

344. 

333. 

322. 

311. 

301. 

891. 

281. 

872. 

263. 

254, 

846. 

833. 

230. 

222. 

21 S. 

208. 

205. 

80S. 

205. 

205. 
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RTIO  4 

0. 

1. 

1. 

2, 

4. 

5. 

7. 

8. 

9. 

9. 

10. 

11. 

11. 

18. 

13. 

14. 

16. 

18. 

81. 

24. 

86. 

29. 

38. 

35. 

38. 

41. 

44. 

46. 

49. 

51. 

54. 

56. 

58. 

60, 

62. 

64. 

66. 

68. 

69. 

71. 

73. 

74. 

75. 

77. 

78. 

79. 

Bl. 

88. 

83. 

84. 

85. 

36. 

37. 

38. 

89. 

90. 

91. 

92. 

98. 

33. 

97. 

108. 

188. 

162. 

805. 

251. 

297. 

339. 

375. 

403. 

486. 

444. 

460. 

473. 

483. 

493. 

500. 

507. 

513. 

518. 

583. 

586. 

530. 

533. 

536. 

539. 

541. 

543. 

545. 

547. 

548. 

550. 

551. 

553. 

554. 

555. 

556. 

557. 

558. 

559. 

560. 

561. 

561. 

562. 

S63. 

563. 

564. 

565. 

565. 

566- 

566. 

567. 

567. 

568. 

568. 

568. 

569. 

569. 

570. 

570. 

583. 

621. 

698. 

825. 

985. 

1154. 

1318. 

1463. 

1583. 

1672. 

1743. 

1805. 

1868. 

1935. 

2005. 

2075. 

2133. 

21B5. 

8228. 

2261. 

8290. 

2385. 

2373. 

2439. 

2517. 

2596. 

2672. 

2738. 

2793. 

2833. 

2864. 

2895. 

2943. 

3037. 

3274. 

3830, 

4717. 

5895. 

7108. 

7833. 

8145. 

7933. 

7365. 

6589. 

5740. 

5048. 

4516. 

4115. 

3801. 

3S58. 

3368. 

3209. 

3068. 

2931. 

2800. 

267ft, 

2571. 

2481. 

2409. 

2355. 

8296. 

2209. 

2070. 

1866. 

1620. 

1365. 

1124. 

911. 

800. 

768. 

73S. 

708. 

6B0. 

653. 

627. 

602. 

578. 

555. 

S33. 

512. 

492. 

472. 

453. 

435. 

418. 

402. 

386. 

370. 

356. 

341. 

388. 

315. 

302. 

290. 

879. 

268. 

257. 

247. 

297. 

228. 

219. 

210. 

202. 

194. 

194. 

194. 

194. 

194. 

194. 

194. 

194. 

194. 

194. 

194. 

194. 

194. 

194. 

194. 

194. 

194. 

9UW  OF 

2  HYOROCRAPNB  AT 

I  6  2  PLAN 

1  RTIO  4 

1. 

2. 

3. 

4. 

5. 

7. 

8. 

10. 

11. 

13. 

16. 

20. 

26. 

31. 

37. 

43. 

50. 

57. 

63. 

70. 

77. 

83. 

89. 

95. 

101. 

107. 

112. 

117. 

122. 

127. 

13!  • 

135. 

140. 

143. 

147. 
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EXHIBIT  10 


EXHIBIT  1 1 


I 


PHASE  I  INSPECTION  REPORT 
APPENDIX  C 
PHOTOGRAPHS 


OUTLET  CHANNEL 


Photograph  2.  Crest  of  dam  viewed  from  left  abutment. 


Hr 


Photograph  3.  Upstream  slope  of  dam  viewed  from  right 
half  of  embankment. 


Photograph  6.  View  of  right  abutment  on  downstream  slope. 

Note  rock  debris  from  excavation  of  spillway 


Photograph  7.  View  of  seepage  along  downstream  toe  of 
dam  near  left  abutment. 


Photograph  9.  View  of  spillway  crest  looking  upstream 
from  spillway  channel. 


Photograph  10.  View  of  spillway  outlet  channel  looking 
upstream. 


Photograph  11.  Spillway  outlet  channel  looking  downstream. 

Toe  of  dam  is  along  left  edge  of  photograph 


Photograph  14.  Typical  view  of  watershed  area  showing  mixture 
of  open  fields  and  wooded  areas. 


Photograph  15.  View  of  downstream  channel  from  toe  of  dam. 

Enclosure  for  gate  valve  on  drawdown  conduit 
is  in  the  foreground. 


